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Abstract
The standard model of elementary particles (SM), despite experimental completion
at the LHC, needs to be extended for various physical reasons, including the cold
dark matter (DM). Each extension comes with its scale and mechanism, and typically
lifts, at the loop level, the electroweak scale towards its high scale. The problem is
to keep the electroweak scale stable while providing a room for the aforementioned
heavy extensions. To this end, it turns out that the SM Higgs sector remains stable
in the presence of a heavy scalar if their quartic couplings unify at a certain scale
when their masses are degenerate. Under this mass-degeneracy-driven unification
(MDDU), the scalar under concern is found to qualify as a viable DM candidate
and to leave the electroweak scale stable. Our detailed simulation studies explicitly
show that the MDDU parameter space agrees with current collider and astrophysical
bounds. Our work can be extended to other relevant scalars (like flavons, inflaton
and others) as a mechanism by which the electroweak scale is held stable.
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1 Introduction
Even though the SM is experimentally completed after the discovery of the Higgs boson [1],
it is far from being complete conceptually and theoretically as it suffers from various
problems such as destabilizing UV sensitivities [2], exclusion of gravity [3], and absence of a
suitable dark matter candidate [4]. The UV sensitivity of the Higgs boson mass is so strong
that the SM is effectively forced to end at O(1 TeV) to get merged with physics beyond
the SM (BSM) [2]. However, the current LHC results have already shown that the SM
continues to hold good up to energies well above the TeV border [5]. This experimental fact
sidelines known completions of the SM (supersymmetry, extra dimensions, compositeness,
and their hybrids) as they can be relevant only if they lie at the scales of order a TeV. The
reason is that their BSM sectors (superpartners in supersymmetry, Kaluza-Klein modes in
extra dimensions, and technifermions in compositeness) couple to the SM with SM-sized
couplings (λSM−BSM ' λSM) so that heavier the BSM is larger the shift in the Higgs boson
mass. Thus, according to the LHC results [5], the SM can have heavy BSM completions
(C1) if the destabilizing UV sensitivities of the SM are transmuted , and
(C2) if the transmutation allows for sufficientlysmall SM− BSM couplings .
(1)
Here, the condition (C1) is satisfied ordinarily in all the known completions. The condition
(C2), however, is highly nontrivial in that the known SM completions necessarily require
λSM−BSM ' λSM , and never work in the small coupling regime, λSM−BSM  λSM . In fact,
this hierarchic regime is what lies at the heart of the electroweak hierarchy problem [2].
To reiterate, the extension of the SM that transmutes the UV sensitivities of the SM
must work with and allow for hierarchically small SM-BSM couplings. This constraint and
the conditions (C1) and (C2) in (1), are satisfied presently by one UV completion: The
symmergent gravity [6, 7]. In this particular completion,
(P1) curvature emerges in a way restoring gauge symmetries,
transmutes destabilizing UV sensitivities into curvature terms,
and incorporates this way the GR into the SM such that
(P2) BSM sector arises as a necessity with no need to any SM− BSM coupling.
(2)
In (P1), gravity is incorporated into SM+BSM by taking a flat spacetime effective SM+BSM
into a curved spacetime (not the SM+BSM itself, as in [3]). In (P2), BSM is a renormal-
izable QFT of various massless, massive and ultra massive non-SM fields, where none of
them has to interact with the SM fields for symmergence to work. They are thus largely
unconstrained except that the mass matrix M of the SM + BSM fields must satisfy the
sum rule str [M2] = 64pi2M2Pl. This sum rule requires the BSM to be boson dominated
either in mass or in number. Among all the BSM fields, scalars occupy a special place as
they are necessary for realizing physical phenomena like mass generation, cosmic inflation,
quintessence, and dark matter. And the scalar fields tend to destabilize the SM for the
reasons stated in (1).
It is with mechanisms like symmergence that SM-BSM couplings are loosened as in (2)
to allow for a possible resolution of the hierarchy problem. In Sec. 2 below, for definiteness,
we focus on a BSM scalar S (as the only BSM field that couples to the SM), and analyze
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under what conditions it does not destabilize the SM Higgs sector.
In general, as mentioned above, variety of phenomena can be studied in connection with
scalar fields. We, nevertheless, specialize in Sec. 3 to cold dark matter (DM) [4] which, as
reviewed recently in [8], can be modeled by a long-lived, neutral scalar S of mass mS [9–12].
Its longevity is ensured by its oddness under a Z2 parity, which forbids its decay channels
(such as S → SM SM), and nullifies its vacuum expectation value, that is, 〈S〉 = 0.
In Sec. 3, building on a detailed phenomenological analysis, we discuss the Higgs boson
profile in terms of its invisible decays and exemplify its decays into certain SM particles.
In Sec. 3, again, we determine in what parameter regions the scalar S qualifies as a viable
DM candidate. In regions where S reproduces the measured relic density, we study its
co-annihilation rates as well as its scattering rates from the nuclei. Finally, In Sec. 4, we
summarize and conclude.
2 Mass-Degeneracy-Driven Unification
The problem with scalar field theories is that they are self-destructively sensitive to the
UV domain [2]. Even if all the quadratic (Λ2℘) and quartic (Λ
4
℘) sensitivities to the UV
momentum cutoff Λ℘ are transmuted into curvature terms to lead to the GR [7], the
remnant log Λ℘ sensitivities, which can be translated into dimensional regularization via
log Λ2℘ = 1/− γE + 1 + log 4piQ2, lead to the MS correction (S is the aforementioned BSM
scalar)
δm2H ∝ λHSm2S log
m2S
Q2
(3)
which shifts the Higgs condensation parameter m2H in proportion to m
2
S logm
2
S if the two
scalars are coupled as λHSH
†HS2. The logarithmic corrections shown in (3) tend to
displace the Higgs boson from its natural scale mH towards mS since larger the mS is
larger the shift in mH . There arises, of course, no problem when mS ∼ mH . However,
given the fact that the LHC have found so far no new particle [13] beyond the SM, the
DM particle is expected to be either heavy (mS  mH) or light (mS  mH) and, in
both cases, there arises a severe hierarchy problem in the lighter scalar. This means that
scale-split multi-scalar theories get degenerated by quantum corrections, and the resulting
mass instability in light scalars obstructs extension of the SM by new heavy scalars.
Preventing this mass instability is a profound question, and its answer is both obvious
and obscure. It is obvious in that |λHS| must be just “small” to start with since corrections
to λHS are proportional to λHS itself. It is obscure in that there is no obvious selection rule
or symmetry that can ensure the requisite “smallness”. Its dimensionless nature prevents
also dynamical mechanisms like Giudice-Masiero mechanism [14] because a promotion like
λHS → H†H/S2 would simply mean killing the coupling between H and S. In this arid
climate, the most one can do is to impose a judicious relationship among model parameters
and try to secure it against renormalization group flow. To this end, symmergence, which
sets λHS free (as opposed to the known completions which require λHS to remain close
to the Higgs quartic coupling λH), provides an eligible framework in which λHS can be
linked to other model parameters to keep δm2H under control. In this respect, the seesawic
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couplings introduced in [6, 7]
λHS ∝ λHm
2
H
m2S
(4)
possess right structure to ensure that δm2H in (3) remains below m
2
H . This seesawic relation,
according to which heavier the S smaller its coupling toH, arises as an additional constraint
compared to the usual conditions
λH > 0 , λH > 0 , 16λHλS − λ2HS > 0 (5)
which ensure that the potential energy density
V (H,S) = −m2HH†H + λH(H†H)2 +m2SS2 + λSS4 + λHSH†HS2 (6)
is bounded from below to yield the Higgs boson h = H0 − vH of mass m2h = 2m2H and the
singlet boson s =
√
2S of mass m2s = m
2
S + (λHS/2)〈H0〉2 as two spinless quanta excited
from the vacuum configuration (with the Higgs VEV 〈H0〉 = mH/
√
λH ≈ 246 GeV)
〈H〉 = 1√
2
(
0
〈H0〉
)
, 〈S〉 = 0 (7)
for which V (H,S) is required to be invariant under H → H and S → −S (the Z2 invariance
with which the scalar S will be taken as DM candidate in the next section).
The seesawic structure in (4) relates λHS to the field masses. This means that for
stabilizing the Higgs mass (suppressing δm2H in (3)) the parameters in the potential must
exhibit a mass-dependent relationship beyond the energy conditions in (5). To this end, a
mass-degeneracy-driven unification (MDDU) of the form (at a given scale Q = Q0)
lim
mH(Q0)→mS(Q0)
λH(Q0) = λS(Q0) = |λHS(Q0)| (8)
proves to be a useful criterion as it possesses (among many) the particular solution
λS(Q0) = λH(Q0), |λHS(Q0)| = 2λH(Q0)m2H(Q0)
m2S(Q0)
+
m2S(Q0)
m2H(Q0)
(9)
according to which λHS(Q0) reduces to the seesawic structure in (4) for mS(Q0) mH(Q0),
and smoothly covers the opposite limit of mS(Q0) mH(Q0). It obviously is not unique;
one can consider numerous variations of (9) that satisfy the MDDU in (8). It is just one
possible choice that keeps λS and |λHS| below the SM couplings. Its collider implications
have already been investigated in [16] at the seesawic limit (4).
The solution (9) is a MDDU linkup at a scale Q = Q0. The model parameters, the
m2H in particular, are computed at a given scale Q via the renormalization group equations
(RGEs) from Q0 to Q. Hereon, we set Q0 = MG ≈ 1015 GeV (the GUT scale in non-SUSY
models [20]) in the MDDU in (9). We give in Figure 1 a schematic illustration of the
renormalization group flow of the model parameters. With input data at Q = Q0 ≡ MG,
the parameters in the potential evolve from Q = MG down to Q = mS ≡ mS(mS(MG))
3
Figure 1: The RG evolution of the model parameters from Q = Q0 = MG down to Q = mh.
The scalar mass mS = mS(mS(MG)) is a divide between the SM and the SM+BSM.
via the SM+BSM RGEs [17]
Q
dλH
dQ
=
(
Q
dλH
dQ
)
SM
+
1
16pi2
λ2HS (10)
Q
dλHS
dQ
=
λHS
16pi2
(
6λH − 9
2
g22 −
3
2
g21 + 6y
2
t + 4λHS + 3λS
)
(11)
Q
dλS
dQ
=
1
16pi2
(9λ2S + 4λ
2
HS) (12)
Q
dm2H
dQ
=
(
Q
dm2H
dQ
)
SM
+
1
16pi2
λHSm
2
S (13)
Q
dm2S
dQ
=
1
16pi2
(3λSm
2
S + 4λHSm
2
H) (14)
in which the RGEs of the gauge couplings g3, g2, g1 and of the top Yukawa yt are implied.
From Q = mS(mS(MG)) down to Q = mh, however, the working model is the SM and its
parameters evolve as
Q
dλH
dQ
=
1
16pi2
[
λH(12λH − 9g22 − 3g21 + 12y2t ) +
9
4
g42 +
3
2
g21g
2
2 +
3
4
g41 − 12y4t
]
(15)
Q
dm2H
dQ
=
1
16pi2
m2H
(
6λH − 9
2
g22 −
3
2
g21 + 6y
2
t
)
(16)
to reproduce the LHC results [1] on the Higgs boson mass mh and the Higgs quartic
4
coupling λH (depending on the input parameters at Q = MG and contribution of S till
Q = mS). The illustration in Figure 1 gives details of the two-stage RGE evolution.
In what follows, we solve the RGEs to determine how a UV (Q0 = MG) MDDU linkup
like (9) affects the Higgs boson mass and other observables. We start by analyzing the
RGE evolutions of λH(Q), λS(Q) and λHS(Q) for mS(MG) = 10 TeV. The results are
plotted in Fig. 2. In the left panel, as a beneficial approach, we consider those λS(MG)
and λHS(MG) values (stretching them up to naive perturbative upper bound of
√
4pi) for
which the metastability [18] in the SM Higgs potential around 1011 GeV is avoided. It is
clear that the particular λS(MG) and λHS(MG) do indeed prevent the metastability (λH(Q)
remains positive for the entire range).
Figure 2: The RGE evolutions of λH , λS and λHS for mS(MG) = 10 TeV. In the left panel,
λH(MG), λS(MG) and λHS(MG) are assigned to avoid metastability. In the right panel,
however, they are assigned in accordance with the MDDU linkup in (9).
In the right panel of Fig. 2, we set λH(MG), λS(MG) and λHS(MG) in accordance with
the MDDU linkup (9) (which takes the seesawic structure in (4)). As suggested by its
RGE in (11), λHS(Q) remains small if it is small, that is, it is not generated by the loops
if it is zero at the input scale. It is for this reason that λS(Q) and λSH(Q) remain almost
unchanged as they talk to the SM sector via λSH(Q). It is again for this reason that λH(Q)
(driven mainly by the top quark Yukawa yt(Q)) nearly follows its SM evolution (with a
slight slope change near Q = mS). Thus, the MDDU linkup at the UV seems to be quite
effective.
Having done with λH(Q), λS(Q) and λHS(Q), we now turn to analysis of the Higgs boson
mass mh(Q) =
√
2mH(Q). The results are shown in Figure 3 in which the Higgs mass is
plotted for different mS(MG) (left panel) and λHS (right panel) values. The parameters
held fixed are as in the left panel of Figure 2. The left panel makes it clear that mh(mh)
overshoots the LHC result by orders of magnitude depending on how large mS(MG) is.
The reason is the quantum corrections in equation (3) or equivalently the second term at
the right-hand side of its RGE in (13). This is the hierarchy problem. The Higgs boson
mass grows to larger and larger values when it couples to a heavier and heavier scalar.
The right panel of Figure 3, on the other hand, makes it clear that smaller the |λHS(MG)|
smaller the deviation of mh(mh) from its LHC value. This actually is a clear proof that
hierarchy problem can be alleviated only in UV completions which allow λHS(MG) to
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Figure 3: The RGE evolution of the Higgs boson mass mh(Q) for different mS(MG) (left
panel) and λHS (right panel) values. (Fixed parameters are as in the left panel of Figure
2.)
deviate from the SM couplings. The symmergence [6, 7] is one such completion in which
λHS(MG) is allowed to even vanish, let alone the small values compared to λH(MG).
Finally, we give in Figure 4 the RGE evolution of the Higgs boson mass for the MDDU
linkup (9) at Q0 = MG. It is clear that mh(Q) closely follows the SM evolution, and falls
at Q = mh into the ballpark of the LHC result. This is the confirmation of the fact that
a MDDU linkup of the form (9) at Q0 = MG does indeed alleviate the hierarchy problem.
The Higgs boson mass is made immune to the effects of the heavy scalars not at a specific
scale like Q = Q0 but at all the scales beneath via the renormalization group flow. This
happens thanks to the fact that λHS remains small if it is small, as implied by its RGE in
(11).
Having done with the Higgs boson mass, we turn our attention to vacuum energy. It
shifts by the Coleman-Weinberg contribution
δV =
1
64pi2
str
[
M4 log
( M2
e3/2Q2
)]
(17)
where the mass matrix M involves all the SM particles plus the singlet scalar S. It is
expected to be O (m4S), which is gigantically large compared to its observational value of
order m4ν [19]. We thus conclude that a MDDU linkup like (9) saves the Higgs boson
mass from the destabilizing UV effects but can simply do nothing about the cosmological
constant problem.
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Figure 4: The RGE evolution of the Higgs boson mass mh(Q) without (black curve) and
with (red curve) the MDDU linkup (9) at Q0 = MG. The red curve contains individual
curves for mS(MG) = 1,5, 10, 20, 100 TeV, which nearly coincide to appear all red. This
coincidence ensures that mh(Q) is indeed loosened from the mS(Q) thanks to the MDDU
linkup (with the seesawic limit in (4)).
3 Scalar Dark Matter with and without MDDU Linkup
In this section we analyze the parameter space of the model with the assumption that
the singlet Scalar S is considered to be a cold DM candidate. Our analysis examines
two cases contrastively: A blind scan with no constraints except the perturbativity and
the experimental bounds on the parameters, and a scan with the MDDU linkup (9) at
Q0 = MG. It will be seen that the linkup reduces the parameter space considerably and
reveals the regions where a scalar DM can be added to the SM in a natural way.
In our scan, we accept only the solutions which yield a Higgs boson mass consistent with
LHC’s 125 GeV measurement up to some theoretical uncertainties. These uncertainties
are dominated by those in the top quark mass and strong gauge coupling, which result in
about 2 GeV uncertainty in theoretical calculations of the Higgs boson mass [23]. We set
the top quark mass to its central value of 173.3 GeV [24], and keep in mind that (1− 2)σ
variations in the top quark mass can shift the Higgs boson mass by (1−2) GeV [25]. Thus,
we allow the Higgs boson mass in the range (123− 127) GeV after taking into account the
loop contribution from the singlet scalar.
In our scans, we use the spectrum calculator SPheno-4.0.4 [26] generated by SARAH-
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14.4.0 [27]. We further implement our scalar DM model into MicrOmegas-5.0.8 [28] to
calculate the DM observables. We constrain the parameter space with recent bounds from
Planck measurements within 5σ uncertainty [29] as
0.114 ≤ Ωh2 ≤ 0.126 (18)
where h is Hubble constant in units of today’s value. Note that 5σ uncertainty is considered
to include the theoretical uncertainties in calculation of the DM relic density. Solving
the Boltzmann equation evolving with the DM annihilation processes yields exponential
dependence on the model parameters and the Higgs boson mass. A slight uncertainty
in these parameters is, then, exponentially enhances in the relic density calculation (for
details, see [28]).
We can summarize the parameters and their ranges as follows:
1. Blind Scan in which we vary model parameters in the domain
0 ≤ λH(Q0) ≤ 1 ,
0 ≤ λS(Q0) ≤ 1 ,
0 ≤ λHS(Q0) ≤ 0.65 , (19)
0 ≤ mS(Q0) ≤ 1 TeV,
accept only those points which agree with the experimental bounds such that Q0 =
MG for mS ≥ mh and Q0 = mh for mS ≤ mh.
2. Linkup Scan in which we vary model parameters in the domain
0 ≤ λH(Q0) ≤ 1 ,
0 ≤ λS(Q0) ≤ 1 , (20)
0 ≤ mS(Q0) ≤ 1 TeV,
accept only those points which agree with the experimental bounds such that Q0 =
MG for mS ≥ mh and Q0 = mh for mS ≤ mh (after linking λHS(MG) to others as in
the MDDU linkup (9)).
Note that we consider the perturbativity limit on λHS in determining its range, and the
experimental reach in mS, while much heavier singlet scalar can still saturate the DM relic
density given in (18).
3.1 Higgs Profile
Even though we require the Higgs boson mass to be about 125 GeV, it can be assigned
to be the SM-like Higgs boson if its decay modes are consistent with the SM predictions.
The extra scalar field bring invisible decay modes of the Higgs boson when mS . mh/2.
The constraint on the invisible decays of the Higgs boson vary depending on its production
channels. Assuming the SM ttH production cross-section the bound on the invisible decays
can be set BR(h→ invisible) < 0.46 [30], while it is BR(h→ invisible) < 0.37 if the Higgs
boson is produced through the vector boson fusion processes [31]. Furthermore, a combi-
nation of direct searches yield a bound as BR(h → invisible) . 0.25 [32]. The invisible
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Figure 5: Plots for the Higgs boson decays in the BRh→ SS −mS, BR(h → SS) − λHS
planes. All points satisfy the Higgs boson mass constraint, while brown points are a subset
of green and they are consistent with the Planck Satellite bound on relic abundance of the
singlet scalar within 5σ uncertainty.
decay rates of the Higgs boson below 25% do not change the dark matter implications [33],
Recovering the SM predictions we will require the solutions to satisfy BR(h→ SS) ≤ 10%.
The decay width for the Higgs boson decaying into a pair of the singlet scalars is given
for 2mS ≤ mh as [34]
Γ(h→ SS) = λ
2
HSv
2
SM
64pi2mh
(
1− 4m
2
S
m2h
)1/2
(21)
Figure 5 shows the plots for the invisible Higgs boson decays obtained through the blind
scan in correlation with mS and λHS. All points satisfy the Higgs boson mass constraint,
while green points Brown points are a subset of green and they are consistent with the
Planck Satellite bound on relic abundance of the singlet scalar within 5σ uncertainty. the
Higgs boson can decay into a pair of singlet scalars up to about 80%, when the scalar mass
is realized near the resonance region (mS ' mh/2), when λHS ∼ 0.045. The BR(h →
SS) − λHS plane shows that one can satisfy the condition on the invisible decay rates if
λHS . 0.08 in this region without excluding any solution with mS . mh/2.
A call for small λHS can be realized when one imposed the MDDU linkup at the GUT
scale, whose results are showin in Figure 6 in comparison with those from the blind scan
side by side. All points satisfy the Higgs boson mass constraint. Gray points in the left
panels are excluded by the large invisible Higgs boson decays, while the green points are
allowed. Brown points form a subset of green, and they satisfy the Planck bound on the
relic abundance of S. A general scan predicts branching ratios for the Higgs boson decays
in a range wider than the SM results. Even though excluding large invisible decays of the
Higgs boson narrows down the range, there are still solutions below the SM predictions as
shown in the left panels for the h → bb and h → ττ . On the other hand, as can be seen
from the right panels, imposing linkup condition removes all the predictions except those
of the SM. Linkup predicts BR(h → bb) ∼ 78% and BR(h → ττ) ∼ 9%, which overlap
with the SM predictions.
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Figure 6: Plots for the Higgs boson decays in the BR(h→ bb)−mh and BR(h→ ττ)−mh
planes obtained from the blind scan (left) and MDDU linkup scan (right). All points
satisfy the Higgs boson mass constraint. Gray points in the left panels are excluded by the
large invisible Higgs boson decays, while the green points are allowed. Brown points form
a subset of green, and they satisfy the Planck bound on the relic abundance of S.
3.2 Dark Matter Implications
In this section we consider the dark matter implications of the model in details. We first
discuss the results from the general analyses which takes λHS to be a free parameter, while
we employ the relation given in Eq.(9) and emphasize its exclusiveness in regard of the
dark matter phenomenology.
Figure 7 displays our results for the relic abundance of S in correlation with its mass
(left) and its coupling (right) to the Higgs boson. All points are consistent with the Higgs
boson mass constraint. Green points are also compatible with the condition from the
invisible decay rates of the Higgs boson. Blue points form a subset of green, and they
represent the solutions in which λHS is fixed with the MDDU linkup (9). Brown points
are another subset of green, and they are allowed by the current Planck bound on the relic
abundance of S within 5σ uncertainty. The blue points satisfy the Planck bound on the
relic abundance when they cross the brown region. The brown points in the Ωh2 − mS
plane show that the correct relic abundance of S can be realized at any mass of S, while
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it becomes quite exclusive when λHS is fixed as given in the MDDU linkup (9). The blue
points reveal a unique correlation between Ωh2 and mS, and the correct relic abundance
can be satisfied when mS ' 50, 80 and 300 GeV. The first two mass scales of S correspond
to the resonance region in which two dark matter particles annihilate into a Higgs boson.
Figure 7: The relic abundance of the singlet scalar in correlation with its mass (left) and
its coupling (right) to the Higgs boson. All points are consistent with the Higgs boson
mass constraint. Green points are also compatible with the condition from the invisible
decay rates of the Higgs boson. Blue points form a subset of green, and they represent the
solutions in which λHS is fixed with MDDU linkup (9). Brown points are another subset
of green, and they are allowed by the current Planck bound on the relic abundance of S
within 5σ uncertainty. The blue points satisfy the Planck bound on the relic abundance
when they cross the brown region.
A similar discussion can be followed for the right panel of Figure 7. The Ωh2 − λHS
panel shows that the Planck bound on the relic abundance can be satisfied in the region
with λHS . 0.16, while S’ relic abundance is realized smaller than the lower bound from
the Planck measurements for λHS & 0.16. Indeed, the relic abundance over most of the
fundamental parameter space is found lower than the Planck bound, and this region can
be available if another sector for the dark matter is proposed. As seen from the blue
points, the MDDU linkup (9) yields two correlations between Ωh2 and λHS. The curve
with extrema corresponds to the region with m2S < |m2H |, while the second curve behaves
like an exponential correlation for m2S ≥ |m2H |.
We continue the discussion of dark matter phenomenology with the spin-independent
scattering of the DM at nuclei as shown in Figure 8. The color coding is the same as
Figure 7. In addition, the brown points in the right panel represent the solutions with
0 ≤ Ωh2 ≤ 0.126. The orange solid (dashed) curve represents the current (future projection
of) the exclusion from the Super-CDMS experiment [35], and the black solid (dashed) curve
displays the current (future) bounds from the LUX-Zeplin experiment [36].
The left panel shows that the current experimental bounds on the spin-independent
scattering of the dark matter have a strong impact on the parameter space of the model
such that the scattering cross-section can be consistent with the experimental results when
mS & 250 GeV. Besides, this region lies slightly below the current experimental bound
from the LUX-Zeplin experiment, and one can expect this region to be tested very soon.
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Figure 8: The spin independent scattering cross-section of the dark matter. The color
coding is the same as Figure 7. In addition, the brown points in the right panel represent
the solutions with 0 ≤ Ωh2 ≤ 0.126. The orange solid (dashed) curve represents the
current (future projection of) the exclusion from the Super-CDMS experiment [35], and
the black solid (dashed) curve displays the current (future) bounds from the LUX-Zeplin
experiment [36].
In addition, it is also possible to realize testable allowed results in the resonance region
(mS ∼ mh/2). However, the solutions with large scattering cross-sections (in green) mostly
correspond to those with relic abundance lower than the Planck bound, and as previously
discussed, these solutions can be available when another sector for dark matter is proposed.
When its relic abundance is lower than the Planck measurements (i.e. Ωh2 < 0.114), it
can constitute only a fraction of dark matter proportional to ξ [37] as
σ → ξσ , where ξ =

1 for 0.114 ≤ Ωh2 ≤ 0.126
Ωh2
0.12
for Ωh2 < 0.114
(22)
where 0.12 is the central value of the Planck bound. If S does not fully form the dark
matter, it cannot fully account for the dark matter observations. The right panel shows
also these solutions in brown, and as can be seen, almost all solutions with large scattering
cross-sections disappear. In addition, the resonance region also reveals results, which are
likely expected to be tested in near future.
The blue points are obtained when we fixed λHS as in the MDDU linkup (9). A fixed
λHS yields a unique correlation also for the scattering cross-section as seen from the left
panel. In this case, only the solutions with mS ∼ 300 GeV can be consistent both with the
Planck bound and the LUX-Zeplin exclusion. In addition, these solutions are expected to
be tested very soon. If we also involve the solutions with low relic abundance of S, then
the Higgs boson resonance region also provides consistent and testable solutions in near
future, as shown with the blue points in the right panel of Figure 8.
Since we consider only one field forming the dark matter, its annihilation processes
take important part in realizing the correct relic abundance. Even though the linkup
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Figure 9: The annihilation channels of the dark matter. The color coding is the same as
Figure 7.
scan allows a very narrow range for the solutions consistent with the DM constraints, it
predicts the same annihilation channels as those realized in the blind scan. Thus, we show
the results only from the linkup scan in Figure 9. The rates of annihilation channels,
in most cases, exhibit a peak when mS is close by the SM particle participating in the
annihilation processes. According to the results, SS → hh can be realized at a rate about
25%. When mS ∼ mt, SS → tt processes happen at about 13%, while its rate drops below
5% for mS & 500 GeV. Another annihilation channel involves with a pair of Z−boson and
it can be realized at about 30% when mS ∼MZ . However, DM constraints (brown points)
allow this processes to happen at about 22%. An interesting possible annihilation channel
of S is one in which it annihilates into a pair of W−boson. The DM constraints allow
this processes up to about 80% when mS ∼ MW , while it can also hapen at about 40%
when mS ∼ 300 GeV. One can identify also the channels involving a pair of b−quark and
τ−leptons, which take part when mS < mh. SS → bb and SS → ττ processes can be
realized at about 80% and 8%, respectively.
Apart from satisfying the Planck bound on the relic abundance, some of the annihilation
processes can be traced in indirect DM search experiments such as those conducted by the
Fermi-LAT satellite. Figure 10 shows the average annihilation cross-section of the process
SS → bb in correlation with mS. The color coding is the same as Figure 8. The black
curves represent the exclusions obtained from Fermi-LAT limits from 15 dSphs (solid), 15
years projection from 60 dSphs (dashed) [38]. The left panel assumes only S saturates the
DM relic density, and the average cross-section of annihilation into bb are realized below
the current exclusion bound of Fermi-Lat from 15 dSphs. The region with 60 . mS . 80
GeV lies between the current and 15 year projection exclusion bounds of Fermi-Lat, and
hence, this region will be tested in near future. The right panel considers the possibility of
a second DM candidate, and the brown region represents all solutions with Ωh2 ≤ 0.126.
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Figure 10: Average annihilation cross-section of the process SS → bb in correlation with
mS. The color coding is the same as Figure 8. The black curves represent the exclusions
obtained from Fermi-LAT limits from 15 dSphs (solid), 15 years projection from 60 dSphs
(dashed) [38].
Figure 11: Average annihilation cross-section of the process SS → ττ in correlation with
mS. The color coding and the curves are the same as Figure 10.
The average cross-section should be normalized with ξ given in Eq.(22). In this case,
the solutions above the solid black line are already excluded by the current Fermi-LAT
exclusion, while more solutions are accumulated in the region with 60 . mS . 80 GeV
soon-to-be tested.
Another annihilation channel considered in the indirect detection experiments is SS →
ττ , which is shown in Figure 11. The color coding and the curves are the same as Figure
10. When we assume S to be the only DM, then its average cross-section to a pair of τ
leptons lies slightly below the 15-year projection of the exclusion bound from the Fermi-
LAT satellite. Such solutions can be tested in future, even though it is not as large as that
of SS → bb. On the other hand, if we consider another DM possibilty, then the right panel
of Figure 11 shows that this channel also provides testable solutions with mS ∼ 60 GeV in
near future.
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Figure 12: Average annihilation cross-section of the process SS → WW in correlation with
mS. The color coding and the curves are the same as Figure 10.
The final channel that can be considered in the indirect DM search experiments is the
one involving a pair of W bosons. The average annihilation cross-section is shown in Figure
12. The color coding and the curves are the same as Figure 10. Even though the exclusion
bounds are sensitive to this channel, testing the model against the experimental results for
SS → WW may take little longer in compared to the those involving bb and ττ , as seen
from the results represented in Figure 12.
Before concluding this section, we should note that even though linkup scan does not
exclude the annihilation channels mentioned above, one can obtain solutions consistent
with the DM constraints in much wider range over the green regions.
4 Conclusion
The SM, though completed experimentally, needs be extended for various reasons, ranging
from dark matter to inflation. Each extension comes with its scale and mechanism, and
typically pulls up the SM towards its scale at the loop level. The problem is to prevent
this destabilization while allowing for the aforementioned extensions. In the case of a real
singlet scalar, which may be a viable DM candidate, we discuss electroweak instability,
and come to the conclusion that it can be resolved by introducing unification of quartic
couplings in the potential at the point of mass denegeracy. This criterion, which we called
MDDU, allows the Higgs field to couple to the singlet scalar such that heavier the scalar
smaller the coupling. This seesawic coupling regime, as we have shown by simulations
in Sec. 2, leads to stabilization of the Higgs boson mass. The MDDU is not a SUSY-
like symmetry rule but gives a rationale for the seesawic regime needed for electroweak
stability. Analysis of the DM in Sec. 3 gives a realistic view of the implications of the
MDDU framework.
From phenomenological point of view, this model can be confronted with different
experimental results currently obtained from the ongoing experiments such as LHC, LUX-
Zeplin and FermiLat. When the invisible Higgs boson decays is constrained to be less
than 10%, the model predicts the Higgs boson mostly in the SM profile, while the MDDU
linkup strictly forces it to be just the SM Higgs boson. The invisible decays of the Higgs
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boson can be constrained by externally applying the condition BR(h→ SS) ≤ 0.10, which
requires small λHS when mS < mh, while the linkup condition an automatically satisfy
this constraint without invoking any restriction.
If S is promoted to be a candidate of DM by imposing a Z2 symmetry, a blind scan
can find solutions consistent with the current DM constraints within its whole range, while
the MDDU linkup condition restricts such solutions into a very narrow range that the
consistent solutions can be realized when mS = 50, 80 and 300 GeV. The first two regions
correspond to approximate resonance region (mS ' mh/2). These solutions are expected
to be tested soon in direct detection of DM experiments such as LUX-Zeplin, since they
predict spin-independent DM scattering cross-section slightly below the current exclusion
curve from these experiments. If one assumes only S saturates the DM relic density, then
the resonance solutions are excluded by the Planck bound, since SS → hh annihilation
processes yield very low relic abundance for S. However, if the possibility of another DM
sector is taken into account, then resonance solutions become available, and one can expect
them to be tested soon in direct detection experiments.
We also discuss the possible annihilation channels of S which take important part in
satisfying the correct relic density of S. The relic abundance of S decreases through its
annihilation channels into hh at about 25%, tt at about 13%, ZZ at about 23%, WW at
about 80%. These annihilation channels are realized mostly when mS is close by the mass
of the SM particle involved. However, when mS . 80 GeV, the SS → bb and SS → ττ
channels can be identified at about 80% and 8%, respectively. These are the maximum
rates of the annihilation channels, and these rate may differ at different mass scales of S.
Among these annihilation channels, those involving bb, ττ and WW can be traced in
indirect detection experiments of DM such as FermiLat. We identify solutions for SS → bb
through its average annihilation cross-section, which lie slightly below the current exclusion
curve from the FermiLat experiments. Similarly, we also consider SS → ττ . Its results
are slightly below the 15 year projection of FermiLat measurements. On the other hand,
considering the possibility of another DM sector, the both annihilation channels becomes
available in the current and future experiments, and even some solutions may be excluded
already. We conclude the implications for FermiLat measurements with the SS → WW
channel. Even though this channel is not reachable for the current experiments, it can
provide testable solutions in the future upgrade of the experimental results.
The MDDU linkup (made possible by mechanisms like symmergence) can well be ap-
plied to other scalar fields like flavons, Affleck-Dine scalars, and the like. The study of the
DM shows that the SM can indeed be stabilized against heavy BSM sectors provided that
their scales are linked via MDDU. The electroweak stability, made possible by MDDU,
allows feebly-coupled heavy BSM – a high-luminosity challenge for collider searches.
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